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ABSTRACT

Flight motor set 360L008 was launched at approximately 6:35 a.m. CDT
(090:009:12:35:00.017 GMT) on 9 Jan 1990 after a 24-hr weather delay due to
inclement weather as part of NASA space shuttle mission STS-32R. The primary
purposes of this mission were to launch a new Syncom satellite and to retrieve the
Long Duration Exposure Facility, which was placed in orbit in 1984. As with all
previous redesigned solid rocket motor launches, overall motor performance was

excellent. There were no debris concerns from either motor.

All ballistic contract end item specification parameters were verified with the
exceptions of ignition interval and rise rates. Ignition interval and rise rates could not
be verified due to elimination of developmental flight instrumentation from fourth
flight and subsequent, but the low sample rate data that were available showed
nominal propulsion performance. All ballistic and mass property parameters closely
matched the predicted values and were well within the required contract end item

specification levels that could be assessed.

All field joint heaters and igniter joint heaters performed without anomalies.
Redesigned field joint heaters and the redesigned left-hand igniter heater were used
on this flight. The changes to the heaters were primarily to improve durability and
reducing handling damage.

Evaluation of the ground environment instrumentation measurements again
verified thermal model analysis data and showed agreement with predicted

environmental effects. No launch commit criteria violations occurred.

Postflight inspection again verified superior performance of the insulation,
phenolics, metal parts, and seals. Postflight evaluation indicated both nozzles
performed as expected during flight. All combustion gas was contained by insulation

in the field and case-to-nozzle joints.

Recommendations were made concerning improved thermal modeling and
measurements. The rationale for these recommendations and complete result details

are contained in this report.
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1
INTRODUCTION

Solid rocket booster (SRB) ignition command for flight motor set 360L008 was given at
090:009:12:35:00.017 GMT (approximately 6:35 a.m. CDT) on 9 Jan 1990 at Kennedy
Space Center (KSC), Florida. This flight was the 33rd space shuttle mission (mission
‘designation STS-32R) and the eighth redesigned solid rocket motor (RSRM) flight.

The individual motor identification numbers were 360L008A (left-hand (LH)) and
360L008B (right-hand (RH)), indicating the cases were both lightweights. Additional
case configuration details are addressed in Section 4.2.

This volume (Volume I) of this report contains the Thiokol Flight Evaluation
Working Group (FEWG) inputs submitted to United Space Boosters, Inc. (USBI) for
incorporation into the shuttle prime contractors’ FEWG report (Document
MSFC-RPR-1580). An executive summary of the entire RSRM flight set performance
and a one-to-one correlation of conclusions by objectives (and contract end item (CEI)
paragraphs) are also included in this report. The detailed component volumes of this
report (and the approximate timeline for volume release from the launch date) are -
listed in Table 1-1. TWR-60064 is a flow report which starts from the receipt of
360L008 hardware at KSC, documenting aft booster buildup, RSRM stacking, including
processing milestones and highlights, stacking configuration, significant DRs, PRs, etc.

The subsections of this report volume that were submitted to USBI as part of
the FEWG report are so designated with the FEWG report paragraph number.
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Table 1-1. Component Volume Release Schedule

Description/
Volume Component,
| Systems overview
II Case/seals
III Internal insulation
v TPS/JPS/heaters/
systems tunnel
\" Nozzle
VI Igniter
viI Performance/

mass properties

REVISION

90435-1.3

Interim
Release
NA

NA

60 days after
last joint
demate at
KSC

NA

NA

NA

NA

DOC NO

Fi el
60 working days after
launch

60 days after washout of
last segment at Clearfield,
UT (H-7 facility)

60 days after washout of
last segment at H-7

60 days after hydrolase is
complete at KSC

60 days after nozzle

phenolic sectioning is
complete

60 days after washout of
last igniter chamber at H-7

60 days after launch
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2
OBJECTIVES

The eighth Thiokol RSRM flight objectives were intended to satisfy the requirements
of CPW1-3600A as listed in parenthesis below. A one-to-one correlation of conclusions

by objectives (and CEI paragraphs) is included in Section 3.2 of this report.

REVISION

Qualification Objectives

The ignition interval shall be between 202 and 262 ms with a 40-ms
environmental delay after ignition command to the solid rocket motor (SRM)
ignition initiators (SII) in the safe and arm (S&A) device up to a point at which
the headend chamber pressure has built up to 563.5 psia (3.2.1.1.1.1).

The maximum rate of pressure buildup shall be 115.9 psi for any 10 ms interval
(3.2.1.1.1.2).

Verify that the thrust-time performance falls within the requirements of the
nominal thrust-time curve (3.2.1.1.2.1 Table 1).

Certify that the measured motor performance parameters, when corrected to a
60°F propellant mean bulk temperature (PMBT), fall within the nominal value,
tolerance, and limits for individual flight motors (3.2.1.1.2.2 Table II).

With a maximum PMBT difference of 1.4°F between the two RSRMs on a
shuttle vehicle, the differential thrust between the two RSRMs shall not be
greater than the values given in Table III at any time during the periods shown.
These differentials are applicable over the PMBT range of +40° to +90°F
(3.2.1.1.2.3).

Certify that the thrust-time curve complies with impulse requirements
(3.2.1.1.2.4).

Certify that specified temperatures are maintained in the case-to-nozzle joint
region during the countdown launch commit criteria (LCC) time period
(3.2.1.2.1.9).

The case segment mating joints shall contain a pin retention device (3.2.1.3.g).

cocwo TWR.17547-1 | e
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REVISION

Certify the performance of the igniter heater so it maintains the igniter gasket
rubber seals between 64° and 130°F (3.2.1.5.3).

Verify that the S&A devices perform as required using the specified power
supply (3.2.1.6.1.2).

Verify that the operational flight instrumentation (OFI) is capable of launch
readiness checkout after the ground system has been connected on the launch
pad (3.2.1.6.2).

Certify the proper operation of the operational pressure transducer (OPT) during
flight (3.2.1.6.2.1).

The ground environment instrumentation (GEI) shall monitor the temperature of
the SRBs while on the ground at the pad. It is not required to function during
flight. These instruments will be monitored on the ground through cables with
lift-off breakaway connectors (3.2.1.6.2.3).

When exposed to the thermal environments of 3.2.7.2, the systems tunnel floor-
plates and cables will be maintained at a temperature at or below that specified
in ICD 3-44002 (3.2.1.10.1).

Certify the performance of the field joint heater and sensor assembly so that it
maintains the case field joint at 75°F minimum. Field joints shall not exceed
130°F (3.2.1.11.a).

Certify that each field joint heater assembly meets all performance requirements
(3.2.1.11.1.2).

Demonstrate isolation of subsystem anomalies if required on eighth flight
(360L008) hardware (3.2.3.3).

Demonstrate the RSRM capability of vertical disassembly if required (3.2.5.1).

The RSRM and its components will be adequately protected, by passive means,

against natural environments during transportation and handling (3.2.8.c).

Demonstrate the remove and replacement capability of the functional line

replaceable unit (3.4.1).

oocwo. TWR.17547-1 | ver
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REVISION

Objectives by Inspection
Inspect all RSRM seals for performance (3.2.1.2).

Inspect the seals for satisfactory operation within the specified temperature

range that results from natural and induced environments (3.2.1.2.1.b).

Inspect the factory joint insulation for accommodation to structural deflections
and erosion (3.2.1.2.2.a).

Inspect the factory joint insulation for operation within the specified temperature
range (3.2.1.2.2.b).

Verify that at least one virgin ply of insulation exists over the factory joint at
the end of motor operation (3.2.1.2.2.d).

Verify that no leakage occurred through the insulation (3.2.1.2.2.e).

Verify that the flex bearing seals operate within the specified temperature range
(3.2.1.2.3.b).

Verify that the flex bearing maintained a positive gas seal between its internal
components (3.2.1.2.3.d).

Verify that the ignitions system seals operates within the specified temperature
range (3.2.1.2.4.b).

Verify that the nozzle internal seals and exit cone field joint seals operate within

the specified temperature range (3.2.1.2.5.b).

Inspect the risers for damage or cracks that would degrade the pressure holding
capability of the case (3.2.1.3.c).

Inspect the flex bearing for damage due to water impact (3.2.1.4.6).

Verify that the environmental protection plug will withstand space shuttle main
engine (SSME) shutdown, if incurred (3.2.1.4.7.b).

Verify the performance of the nozzle liner (3.2.1.4.13).
Inspect the ignition system seals for evidence of hot gas leakage (3.2.1.5.a).
Inspect the igniter for evidence of debris formation or damage (3.2.1.5.2).

Inspect the seals for visible degradation from motor combustion gas (3.2.1.8.1.1.d).

bocNo TWR-175471 | Ve
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58 & 5 °

AG.

REVISION
90435-1.7

Verify by inspection that the insulation met all performance requirements
(3.2.1.8.1.1.e).

Inspect insulation material for shedding of fibrous or particulate matter
(3.2.1.8.1.1.).

Inspect the joint insulation for evidence of slag accumulation (3.2.1.8.1.1.g).

Inspect the thermal protection system (TPS) to ensure that there was no
environmental damage to the RSRM components (3.2.1.8.2).

Inspect for thermal damage to the igniter chamber and the adapter metal parts
(3.2.1.8.3).

Verify that the case components are reusable (3.2.1.9.a).
Verify that the nozzle metal parts are reusable (3.2.1.9.b).

Verify through flight demonstration and a postflight inspection that the flex
bearing is reusable (3.2.1.9.c).

Verify that the igniter components are reusable (3.2.1.9.d).

Verify by inspection that the S&A is reusable (3.2.1.9.e).

Verify by inspection that the OPTs are reusable (3.2.1.9.1).
Inspect the case factory joint external seal for moisture (3.2.1.12).

Inspect the hardware for damage or anomalies as identified by the failure mode
and effects analysis (FMEAs) (3.2.3).

Determine the adequacy of the design safety factors (SF), relief provisions,
fracture control, and safe life and/or fail safe characteristics (3.2.3.1).

Determine the adequacy of subsystem redundancy and fail safe requirements
(3.2.3.2).

Inspect the identification numbers of each reusable RSRM part and material for
traceability (3.3.1.5).

Verify the structural SF of the case-to-insulation bond (3.3.6.1.1.2.a).

Verify by inspection the remaining insulation thickness of the case insulation

(3.3.6.1.2.2, 3.3.6.1.2.3, 3.3.6.1.2.4, 3.3.6.1.2.6).

00CNO  TWR-17547-1 | vou
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AJ. Verify by inspection the remaining nozzle ablative thicknesses (3.3.6.1.2.7).
AK. Verify the nozzle SF (3.3.6.1.2.8).

AL. Inspect metal parts for presence of stress corrosion (3.3.8.2.b).
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90435-1.8 SEC PAGE 7






L d
7 W CORPORAION

SPACE OPERATIONS

3

RESULTS SUMMARY, CONCLUSIONS,
AND RECOMMENDATIONS

3.1 RESULTS SUMMARY

This section contains an executive summary of the key results from the flight data

evaluation and postflight inspection. Additional information and details can be found

in the referenced report sections or in the separate component volumes of this

report.

3.1.1 In-Flight Anomalies

Two in-flight anomalies (IFA) relating to RSRM motor set 360L008 were identified

and are summarized below.

MSFC IFA No.

STS-32-M-1

STS-32-M-2

REVISION

90435-2.1

Problem Title/Description

Depression (low crown)
found on secondary seal of
the S&A gasket of
360L008B at 0 deg, aft
face (0.050 in. circum-
ferential by 0.026 in.
radial and 0.0025 in. deep.

Bumps or blister were
found in the void and
cushion areas of 360L008B
igniter inner gasket.

Corrective Action Closure

360L009 (STS-36) S&A
gaskets for both motors
were replaced with gaskets
which were inspected to
the proper criteria. To
preclude the use of
gaskets already accepted
to old requirements, a new
S&A gasket number was
created for 360T010
(STS-31R) and subsequent.

A new baseline has been
implemented, controlling
the molding process and
adhesive application. The
process requires mold
bumping to reduce the
possibility of trapping air.
An improved venting
process has also been
added.

bocNo TWR-17547-1 | e
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3.1.2 Mass Properties

All SRM weight values were well within the CEI specification limits, as has been the
case on all previous RSRM motor sets. Complete mass property values are included
in Section 4.3 of this volume and Volume VII of this report.

3.1.3 Propulsion Performance (Ballistics)
3.1.3.1 Propellant Burn Rates/Specific Impulse. The delivered burn rate (at 64°F

and 625 psia) for flight motor set 360L008 was 0.371 ips for the LH motor (which
matched the prediction) and 0.372 ips for the RH motor (0.001 ips higher than
predicted). The reconstructed vacuum specific impulse values were 267.0
Ibf*sec/Ibm for the LH motor and 266.7 1bf*sec/lbm for the RH motor at 64°F,
which were within 0.56 and 0.67 percent, respectively of the predicted value of 268.5
Ibf*sec/lbm. The impulse values for the RH motor were the lowest experienced by
a HPM/RSRM. 1t is believed that the low performance was actually due to pressure

measurement system data loss.

3.1.3.2 CEI Specification Values. All impulse values, time parameters, and pressure
thrust levels (all corrected to 60°F) again showed excellent agreement with the
motor nominal performance requirements. Actual value variations from the allowable
CEI specification limits were all within 2 percent, significantly less than the
allowable 30 variation. Thrust imbalance was also well within the specification limits

for the required time periods.

Due to elimination of development flight instrumentation (DFI) on STS-30R
(360T004) and subsequent, no high sample rate pressure data were available.
Therefore, the CEI specification requirement to verify ignition interval, pressure rise
rate, and ignition time thrust imbalance could not be addressed. A complete

evaluation of all ballistic parameters is included in Section 4.4.
3.1.4 S&A Device

The S&A device safe-to-arm rotation times were all within the minimum 2-sec
requirement during prelaunch functional tests and the actual launch. The S&A

device is discussed in Section 4.10.4.
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3.1.5 Ascent Loads and Structural Dynamics

Due to elimination of DFI after STS-29R (360L003), no evaluation of the RSRM
loading or vibration characteristics is possible.

3.1.6 External TPS/Joint Heater Evaluation

Postflight assessment results stated all TPS components to be in very good to
excellent condition, with typical flight heat effects and erosion. National Space and
Transportation System (NSTS) debris criteria for all missing TPS was not violated.

All six redesigned field joint heaters performed adequately and as expected
throughout the required operating periods. Prior to launch, a contingency field joint
LCC redline was approved which reduced the LCC from 85° to 68°F as a precaution
in the event that both primary and secondary heater failed on a given field joint.

A detailed TPS and heater evaluation is in Section 4.8 of this volume.

3.1.7 Aero/thermal Evaluation
3.1.7.1 On-Pad Local Environments/Thermal Model Verification. The ambient

temperatures ranged from 51° to 81°F. The normal temperature range for the
month of January is 55° to 67°F. Windspeeds were lower than the historical

conditions. Wind direction was from the west during the LCC timeframe.

No extreme outward cooling effects from external tank (ET) cryogenic loading

were noted.

3.1.7.2 Launch Commit Criteria/Infrared Readings. No LCC thermal violations
were noted, but the igniter heaters were activated at L-18 hr instead of at L-24 hr

as had occurred prior to this launch. The deactivation time was also changed with
this launch, from T-4 hr to T-9 min. Had this change not occurred, given the cold
temperatures prior to launch, an igniter joint temperature violation would have
occurred with the igniter sensors predicted to read 62° to 63°F. All redesigned field
and igniter joint heaters performed adequately, including the LH redesigned igniter
joint heater. The SRB aft skirt purge operation was activated at approximately

L-38 hr prior to the aborted launch on January 8. The SRB aft skirt purge, prior to
the successful launch of January 9, was activated at L-14 hr and 20 min. The total
operation time for the aft skirt purge system was 45.5 hr.

REVISION ____ pocNo. TWR-17547-1 | vo
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Infrared (IR) measurements taken by the IR gun during the T-3 hr ice/debris
pad inspection were found to be inconsistent with GEI and shuttle thermal imager
(STI) readings. Due to this inconsistency, which has been noted during
previous countdowns the data were not used or recorded by the ice team. The
STI temperature measurements were used along with GEI measurements to monitor
SRM surface temperatures.

No thermal evaluation of the aft skirt area (as was done on RSRM Flights 1
through 3) was possible due to DFI elimination. A complete aero/thermal evaluation
1s in Section 4.8 of this report.

3.1.8 Instrumentation

All 108 GEI measurements performed properly throughout the prelaunch phase,
with the exception of BO6T7020A (a systems tunnel bondline temperature sensor
which was damaged during the stacking operation). All GEI are disconnected by
breakaway umbilicals at SRB ignition and are not operative during flight. All OPTs
functioned properly during flight and successfully passed the prelaunch calibration
checks. However, a pressure measurement system data loss resulted in a low L.

A complete discussion of GEI and all instrumentation is in Section 4.10 of this

report.

3.1.9 Postflight Hardware Assessment

3.1.9.1 Insulation.. Postflight evaluation again verified excellent insulation perform-
ance, showing that the insulation effectively contained the motor combustion gas in
the two case-to-nozzle joints and six field joints. Two of the 14 weatherseals on this
flight set exhibited unbonds. No gas paths through the case-to-nozzle joint
polysulfide adhesive or any other anomalous joint conditions were identified. The
internal insulation in all six of the case field joints also performed as designed, with
no anomalous conditions. There were no recordable clevis edge separations (over
0.1 in.). No evidence of hot gas penetration through any of the acreage insulation
or severe erosion patterns were identified. Complete insulation performance
evaluation is in Section 4.11.1 of this volume and Volume III of this report.

3.1.9.2 Case. The case field joint surface conditions were as expected. Field joint
fretting on this flight ranged from light to heavy. All joints had some fretting. The
left center and aft field joints had the worst fretting (0.007 in. deep) and the right

REviSION DoCNO. TWR.17547-1 | vou
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aft field joint had a 0.006-in.-deep fret. There were no new frets found in the old
fret indications. All new fretting occurred in previously unfretted areas.

Complete case evaluation results are in Section 4.11.2 of this volume and

Volume II of this report.

3.1.9.3 Seals. All internal seals performed well, with no heat effects, erosion, or
hot gas leakage evident. No motor pressure reached the field or case-to-nozzle joint
seals. Evaluation of the field joints indicated the internal seals performed as
expected during flight. An impression was found on the crown of the secondary seal
on the RH S&A gasket aft face at 0 deg. Approximate dimensions were 0.050 in.
circumferential length by 0.0025 in. in depth. No contamination was observed on
the seal surface adjacent to the impression. A complete evaluation of seals
performance is in Section 4.11.3 of this volume and Volume II of this report.

3.1.9.4 Nozzle/Thrust Vector Control Performance. Postflight evaluation indicated
both nozzles performed as expected during flight, with typical smooth and uniform
erosion profiles. Complete evaluation is in Section 4.11.4 of this volume and Volume
V of this report.

3.2 CONCLUSIONS

Listed below are the conclusions as they relate specifically to the objectives and the
CEI paragraphs. Also included with the conclusion is the report section (in

parenthesis) where additional information can be found.

Objective CEI Paragraph Conclusions
Certify that the thrust- 3.2.1.1.2.1 (see Nominal Certified. The thrust
time performance falls Thrust-Time Curve) time performance was
within the requirements of within the nominal thrust-
the nominal thrust-time time curve (Figure 4.4-1).
curve.
REVISION pocNo. TWR 17547-1 | vor
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Certify that the measured

motor performance
parameters, when
corrected to a 60°F
PMBT, fall within the
nominal value, tolerance
and limits for individual
flight motors.

Certify that the thrust-
time curve complies with
impulse requirements.

Certify that specified
temperatures are main-
tained in the case-to-
nozzle joint region.

Certify that the ignition
interval is between 202
and 262 ms with a 40-ms
environmental delay after
ignition command.

Certify that the pressure
rise rate meets

specification requirements.

REVISION

90435-2.6

3.2.1.1.2.2

The delivered performance
values for each individual
motor when corrected to a
60°F PMBT shall not
exceed the limits
specified...

321124
Impulse gates

Time Total Impulse
(sec) (10E6 lb-sec)

20 63.1 minimum
60 172.9 -1 +3 percent
Action time (AT)

= 293.8 minimum

3.2.1.2.1f

Case-to-nozzle joint
O-rings shall be
maintained within the
temperature range as
specified in ICD 2-0A002.
(75* to 115°F)

3.2.1.1.1.1 The ignition
interval shall be between
202 and 262 ms with a
40-ms environmental delay
after ignition command to
the SII in the S&A device
up to a point at which the
headend chamber pressure
has built up to 563.5 psia.

3.2.1.1.1.2

The maximum rate of
pressure buildup shall be
115.9 psi for any 10-ms
interval.

DOC NO

Partially Certified. All
measurable motor
performance values were
well within the
specification requirements
(Table 4.4-3). The ignition
interval and rise rates
could not be measured
due to DFI elimination.

Certified. The nominal
thrust-time curve values
are listed below.

Time Value
(sec) LH RH
20 65.42 65.43

60 174.25 174.40
AT 295.38 294.97
(Table 4.4-1).

Certified. Temperature
ranges in the case-to-
nozzle joint region are
listed below.

RH 78° to 82°F
LH 78° to 82°F
(Table 4.8-2).

Unable to Certify. DFI
elimination (high sample
rate pressure transducer).

Unable to Certify. DFI
elimination (high sample
rate pressure transducers).

TWR-17547-1 | vo
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Certify that the motor
thrust differential meets
specification requirements.

Certify the performance of
the igniter heater so it
maintains the igniter
gasket rubber seals
between 64° and 130°F.

Certify that the S&A
devices perform as
required using the
specified power supply.

Certify that the OFI is
capable of launch
readiness checkout after
the ground system has
been connected on the
launch pad.

REVISION

90435-2.7

3.2.1.1.2.3

With a maximum PMBT
difference of 1.4°F
between the two RSRMs
on a shuttle vehicle, the
differential thrust between
the two RSRMs shall not
be greater than the values
given in Table III at any
time during the periods
shown. These differentials
are applicable over PMBT
range of +40° to +90°F.

3.2.1.5.3 The igniter
heater shall maintain the
igniter gasket rubber seals
between 64° and 130°F.

3.2.16.1.2

Power Supply. The S&A
device shall meet all
performance
requirements....in
accordance with

ICD 3-44005.

3.2.1.6.2

Instrumentation.

The OFI shall be capable
of launch readiness
checkout after ground
system connection on the
launch pad.

DOC NO

Partially Certified.
Ignition transient is
unavailable due to DFI
elimination, but steady
state transition and tailoff
were within the imbalance
limits (Table 4.4-2)

Certified. The igniter
heater maintained the
igniter sensors between
89° and 95°F (RH) and
89° and 96°F (LH) during
the prelaunch period.
Sensor temperatures
between 66° and 123°F
ensure O-ring tem-
peratures between 64° and
130°F (Table 4.8-2).

Certified. The rotation
and arming times of both
S&A devices were within
the required limits
(Section 4.10).

Certified. The 0 and

75 percent calibration
checks of the OFI verified
launch readiness after
ground system connection
on the launch pad
(Section 4.10).
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Certify proper operation of
the OPT during flight.

Certify that the systems
tunnel properly:

1) attaches to the case,
2) accommodates the
government furnished
equipment (GFE) and
linear shaped charge
(LSC), and 3) provides
OF1I, GEI, and heater
cables.

Certify the performance of
the field joint heater and
the sensor assembly so it
maintains the case field
joint at 756°F minimum.
Field joints shall not
exceed 130°F.

Certify that each field
joint heater assembly
meets all performance
requirements.

REVISION

90436-2.8

321621

The OPT shall monitor
the chamber pressure of
the RSRMs over the range
from 0 to 1050 t/15 psi.
They shall operate in
accordance with ICD
3-44005...

3.2.1.10.1

When exposed to the
thermal environments of
3.2.7.2, the tunnel
floorplates and tunnel
cables will be maintained
at a temperature at or
below that specified in
ICD 3-44002.

3.2.1.11.a

The case field joint
external heater and sensor
assembly shall maintain
the case field joint O-ring
seals between 75° and
130°F at launch...

3.2.1.11.1.2

Power Supply. Each field
joint external heater
assembly shall meet all
performance require-
ments... as defined in
ICD 3-44005.

DOCNO  TWR-17547-1

Certified. The OPTs
properly monitored the
chamber pressure and
operated in accordance
with ICD 3-44005.
Recorded pressure data
and values are discussed
in Section 4.4

Certified. Postflight
evaluation showed no
evidence of heat damage
to the systems tunnel or
adjacent cork, cables, and
seams (Table 4.8.3).
Proper case attachment
and accommodation of the
GFE, LSC, and cabling
was also verified (the field
joint heater sensor strip
was slightly rotated
circumferentially to
increase the wire bend
radii going to the strip
and performed with no
anomalies). Detailed
systems tunnel evaluation
is in Volume IV of this
report.

Certified. The joint
heaters maintained all
field joint sensors between
93° and 108°F during the
prelaunch period. Sensor
temperatures between 85°
and 122°F ensure

O-ring temperatures of
between 75° and 130°F
(Table 4.8.4).

Certified. The redesigned
field joint external heaters
met all the performance
requirements

(Section 4.8.3).
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Demonstrate isolation of
subsystem anomalies if
required on eighth flight
(360L.008) hardware.

Demonstrate RSRM
capability of
assembly/disassembly in
both the vertical and
horizontal positions.

Demonstrate that the
RSRM and its components
are protected against
environments during

transportation and
handling.

Demonstrate remove and
replace capability to the
functional line replaceable
unit (LRU).

REVISION

90436-2.9

3233

Isolation of anomalies of
time-critical functions
shall be provided such
that a faulty subsystem
element can be
deactivated without
disrupting its own or
other subsystems.

3.25.1

The RSRM shall be
capable of assembly/dis-
assembly in both the
vertical and horizontal
position. The RSRM shall
be capable of vertical
assembly in a manner to
meet the alignment
criteria of USBI-10183-
0022 without a require-
ment for optical
equipment.

3.2.8.c

The RSRM and its
components...are
adequately protected, by
passive means, against
natural environments
during transportation and
handling.

34.1

The maintenance concept
shall be to "remove and
replace” ...in a manner
which will... prevent
deterioration of inherent
design levels of reliability
and operating safety at
minimum practical costs.

No subsystem anomalies of
time-critical functions
were detected on flight set
360L008.

RSRM vertical assembly in
accordance with USBI-
10183-0022 was
demonstrated in the
vehicle assembly building
(VAB) prior to pad rollout.
No vertical disassembly
was required. Postflight
horizontal disassembly was
accomplished at Hangar
AF (KSC) facilities.

There were no anomalous
readings from the
transportation modular
units, demonstrating that
the RSRM and its
components are protected
against environments
during transportation and
handling.

Both igniter gaskets on
motor set 360L008 were
removed and replaced with
gaskets that had been
inspected to the proper
criteria.
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Certify by inspection all
RSRM seals performance.

Inspect the factory joint
insulation for accommoda-
tion to structural
deflections and erosion.

Certify that at least one
virgin ply of insulation is
over factory joint at end of
motor operation.

Certify the field and
case-to-nozzle joint seals,
factory joint insulation,
flex bearing seals, ignition
system seals, and nozzle
internal seals operate
within the specified
temperature range
resulting from the natural
and induced environments.

REVISION

90435-2.10

3212

Redundant, verifiable seals
shall be provided for each
pressure vessel leak path.
Both the primary and
secondary seals shall
provide independent
sealing capability through
the entire ignition
transient and motor burn
without evidence of blowby
or erosion.

32122a

Sealing shall accommodate
any structural deflections
or erosion which may
occur.

32.1.2.2d

The insulation shall
provide one or more virgin
ply coverage at end of
motor operation. The
design shall perform the
seal function throughout
SRM operation.

3.2.1.2.1.b Field and
Nozzle-to-Case Joint
Seals...

3.2.1.2.2b

Factory Joint Insulation...
3.2.1.2.3b

Flex Bearing Seals...
3.2.1.24Db

Ignition System Seals...
3.2.1.25b

Nozzle Internal Seals...
...shall be capable of
operating within a
temperature range
resulting from all natural
and induced environments

Certified. No motor
pressure reached any of
the field or case-to-nozzle
joint seals (Section 4.11.3).

The factory joint
insulation remained sealed
and accommodated all
deflection and erosion
(Section 4.11.1).

Certified. Preliminary
inspections indicate
adequate factory joint
insulation ply coverage
(Section 4.11.1). Detailed
insulation inspection
results are in Volume III
of this report.

Certified. All field joint
and case-to-nozzle joint
seals, ignition system
seals, and internal nozzle
seals operated within all
induced environments and
showed no evidence of
heat effects, erosion, or
blowby (Section 4.11.3).
Evaluation indicates no
anomalies with the factory
joint insulation (Section
4.11.1), or the flex bearing
internal seals. (Detailed
flex bearing evaluation is
in Volume V of this

...all manufacturing report.)
processes, and any motor
induced environments.
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TAEOAOE comroraion

SPACE OPERATIONS

Certify that no leakage
occurred through the
insulation.

Verify by inspection no
gas leaks occurred
between the flex bearing
internal components.

Inspect the risers for
damage or cracks that
would degrade the
pressure holding capability
of the case.

Inspect the case segment
mating joints for the pin
retention device.

Inspect the flex bearing
for damage due to water
impact.

REVISION

90435-2.11

3.2.1.2.2.e

The insulation used as a
primary seal shall be
adequate to preclude
leaking through the
insulation.

3.2.1.2.3d

The flex bearing shall
maintain a positive gas
seal between its internal
components.

3.2.1.3.c

The case shall contain
risers for attaching the
ET/SRB aft attach ring as
defined in ICD 3-44004.
The risers shall be part of
the pressurized section of
the case and shall not
degrade the integrity of
the case.

3.2.1.3.g

The case segment mating
joints shall contain a pin
retention device.

3.2.14.6

The nozzle assembly shall
incorporate a nozzle
snubbing device suitable
for preventing flex bearing
damage resulting from
water impact and shall not
adversely affect the nozzle
assembly vectoring
capability.

Certified. Preliminary
inspections showed no
evidence of leakage
through the factory joint
insulation (Section 4.11.1).
Detailed postflight
evaluations are completed
at Clearfield, UT (H-7
facility). Detailed results
in Volume III of this
report.

Partially Verified.
Preliminary inspection
indicates the flex bearing
maintained positive seal
within its internal
components. Detailed
inspection to be completed
during flex bearing
acceptance testing.

No damage or adverse
effects to the ET attach
risers were noted during
post-test inspection.
Preliminary case
inspection results are in
Section 4.11.2, and final
case evaluation is in
Volume II of this report.

The pin retention device
on all joints performed as
designed (Section 4.11.2).
Detailed results are in
Volume II of this report.

Preliminary inspections
indicate no anomalous
conditions to the
360L008A or 360L008B
flex bearing.
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7W CORPORATION

SPACE OPERATIONS

Inspect the nozzle for the
presence of the
environmental protection

plug.

Certify that the
environmental protection
plug will withstand SSME
shutdown, if incurred.

Certify the performance of
the nozzle liner.

Note: SCN 49 proposes to
change the CEI paragraph
wedgeout requirement
from "greater than

0.250 in. deep" to "yield a
positive margin of safety”.

Inspect the ignition
system seals for evidence
of hot gas leakage.

Inspect the igniter for
evidence of debris
formation or damage.

Certify that the GEI can
monitor the temperature
of the SRBs while on the
ground at the pad.

REVISION

90435-2.12

32.14.7.a

The nozzle assembly shall
contain a covering and/or
plug to protect the
RSRM...during storage
after assembly.

3.2.14.7b

The nozzle assembly shall
contain a covering and/or
plug to protect the
RSRM... in the event of an
on-pad SSME shutdown
prior to SRB ignition.

3.2.1.4.13

The nozzle flame front
liners shall prevent the
formation of:

1) Pockets greater than
0.250 in. deep (as
measured from the
adjacent nonpocketed
areas), 2) wedgeouts
greater than 0.250 in.
deep, and 3) prefire
anomalies except as
allowed by TWR-16340.

3.2.15.a

The ignition system shall
preclude hot gas leakage
during and subsequent to
motor ignition.

3.2.15.2

..the igniter hardware and
materials shall not form
any debris...

3.2.1.6.2.3

The GEI shall monitor the
temperature of the SRBs
while on the ground....

Both nozzle assemblies
contained an
environmental protection
plug, which burst into
multiple pieces upon
motor ignition.

Not Required to Certify.
No SSME shutdown was
required during the actual
launch sequence.

Certified. No nozzle flame
front liner erosion pockets
greater than 0.25 in. were
noted. All wedgeouts
observed occurred
postburn and do not affect
liner performance. No
prefire anomalies were
found (Section 4.11.4).

All ignition system seals,
gaskets, and sealing
surfaces showed no
evidence of heat effects,
erosion, or blowby
(Section 4.11.3).

Preliminary indications
show no evidence of any
igniter debris formation.
Complete evaluation is in
Volume VI of this report.

Certified. Extensive
monitoring of the GEI was
done during the
countdown to access the
SRM thermal environment
and LCC. Detailed results
are discussed in

Section 4.8.
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7 W CORPORATION

SPACE OPERATIONS

Inspect the seals for
visible degradation from
motor combustion gas.

Certify by inspection that
the insulation met all
performance requirements.

Inspect insulation material
for shedding of fibrous or
particulate matter.

Inspect the joint insulation
for evidence of slag
accumulation.

Inspect the TPS to ensure
that there was no
environmental damage to
the RSRM components.

REVISION

90435-2.13

3.2.18.1.1d

Insulation shall protect
primary and secondary
seals from visible
degradation from motor
combustion gas.

3.2.181.1e

The insulation shall...meet
all performance require-
ments under worst
manufacturing tolerances
and geometry changes
during and after

assembly and throughout
motor operation.

3.2.1.8.1.1.f

Insulation materials shall
not shed fibrous or
particulate matter during
assembly which could
prevent sealing.

321811¢g

The joint insulation shall
withstand slag
accumulation during motor
operation.

3.2.1.82

TPS shall ensure that the
mechanical properties of
the RSRM components are
not degraded when
exposed to the
environments...

All motor combustion gas
was contained by the
insulation J-leg on the six
field joints and the
polysulfide adhesive on
the two case-to-nozzle
joints. No seals showed
evidence of motor
combustion gas
degradation

(Section 4.11.1).

Certified. Preliminary
inspection indicates the
insulation met all the
performance requirements
(Section 4.11.1). Detailed
inspection results are in
Volume III of this report.

No shedding of fibrous or
particulate matter during
assembly was detected
(Section 4.11.1 of this
volume and V¥olume III of
this report).

No evidence of insulation
damage due to slag
accumulation was observed
(Section 4.11.1 and
Volume III of this report).

Postflight inspection
revealed excellent TPS
condition with no violation
of any NSTS debris
criteria. No thermal
degradation of any RSRM
component was noted
(Section 4.8.3).
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7 W CORPORATION

SPACE OPERATIONS

Inspect for thermal
damage to the igniter
chamber and the adapter
metal parts.

Certify that the case
components are reusable.

Certify that the nozzle
metal parts are reusable.

REVISION

90435-2.14

3.2.1.8.3

The igniter insulation
shall provide thermal
protection for the main
igniter chamber and
adapter metal parts to
ensure that RSRM
operation does not degrade
their functional integrity
or make them unsuitable
for refurbishment.

3.2.19.a

Reusability of... Case--
Cylindrical segments,
stiffener segments, attach
segments, forward and aft
segments (domes),
stiffener rings, clevis joint
pins.

3.2.1.9.b

Reusability of... Nozzle
metal parts--Boss attach
bolts.

Preliminary investigation
revealed no thermal
damage to the igniter due
lack of insulation
functionality (igniter
details in Volume VI of
this report).

Cannot be Completely
Certified (at this time).
All case component
previous use history is in
Section 4.2. No damage
was noted to any
cylindrical segments,
attach segments, forward
and aft domes, clevis joint
pins, or the stiffener rings
and segments on
360L.008B (RH) or
360L00SA (LH). Reuse
criteria is not established
until after refurbishment
(detailed case component
inspection results in
Volume 1I of this report).

Cannot be Completely
Certified (at this time).
All nozzle metal part
previous use history is in
Section 4.2. Preliminary
observations showed no
damage or corrosion to
any nozzle reusable metal
parts (Section 4.11.4).
Any nozzle metal parts
that are determined not to
be reusable are discussed
in Volume V of this
report.
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T/ EOOE corroration

SPACE OPERATIONS

Certify through flight
demonstration and a
postflight inspection that
the flex bearing is
reusable.

Certify that the igniter
components are reusable

Certify by inspection that
the S&A device is
reusable.

REVISION

90435-2.16

3.2.1.9.¢c

Reusability of... Flex
bearing system--Reinforced
shims and end rings,
elastomer materials.

3.2.1.9d

Reusability of... Igniter--
Chamber, adapter, igniter
port, special bolts.

3.2.19.e
Reusability of... S&A
Device

Cannot be Completely
Certified (at this time).
The flex bearing previous
use history is in Section
4.2, No apparent
anomalies were observed
with the 360L008A (LH)
or 360L008B (RH) flex
bearing (Section 4.11.4).
Final reuse criteria cannot
be determined until after
flex bearing acceptance
testing.

Cannot be Completely
Certified (at this time).
All igniter component
previous use history is in
Section 4.2. Preliminary
postflight inspection
revealed nothing that
would adversely affect
reuse of any igniter part.
Detailed inspection results
are in Volume VI of this
report.

Cannot be Completely
Certified (at this time).
The S&A device previous
use history is in Section
4.2. Preliminary postflight
inspection revealed
nothing that would
adversely affect reuse of
any S&A device part.
Detailed inspection results
are in Volume VI of this
report.
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7 7coreo€ corronanion

SPACE OPERATIONS

Certify by inspection that
the OPTs are reusable.

Inspect the case factory
joint external seal for
moisture.

Inspect the hardware for
damage or anomalies as
identified by the FMEAs.

Determine the adequacy of

the design SF, relief
provisions, fracture
control, and safe life
and/or fail safe
characteristics.

REVISION

90435-2.16

3.2.19f
Reusability of...
Transducers

3.2.1.12

The factory joint

external seal shall prevent
the prelaunch intrusion of
rain into the factory joints
from the time of assembly
of the segment until
launch... The factory joint
seal shall remain intact
through flight and, as a
goal, through recovery.

3.2.3

The design shall minimize
the probability of failure
taking into consideration
the potential failure
modes identified and
defined by FMEA.

3.23.1

The primary structure,
thermal protection, and
pressure vessel subsystems
shall be designed to
preclude failure by use of
adequate design SFs, relief
provisions, fracture
control, and safe life
and/or fail safe
characteristics.

Cannot be Completely
Certified (at this time).
The OPT previous use
history is in Section 4.2.
All pressure data and
preliminary postflight
inspection indicate no
issues that would
adversely affect OPT
reuse. Final OPT reuse
criteria is established after
refurbishment and
calibration by the
metrology lab.

The external weatherseal
protected the case
adequately from assembly
until launch. Two of the
14 factory joint
weatherseals showed signs
of unbonds. Detailed
weatherseal evaluation is
in Volume III of this
report.

No hardware damage or
anomalies identified by
FMEA were found.
Specific inspection results
are in the individual
component volumes of this
report.

Postflight inspections
verified adequate design
SFs, relief provisions,
fracture control, and safe
life and/or fail safe charac-
teristics for the primary
structure, thermal
protection, and pressure
vessel subsystems as
documented in this
volume and the
component volumes of this
report.
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7 W CORPORATI N

SPACE OPERATIONS

Determine the adequacy of
subsystem redundancy and
fail safe requirements.

Inspect the identification
numbers of each reusable
RSRM part and material
for traceability.

Verify the structural SF of
the case-to-insulation
bond.

Verify by inspection the
remaining insulation
thickness of the case
insulation.

REVISION

90435-2.17

3232

The redundancy
requirements for
subsystems... shall be
established on an
individual subsystem basis,
but shall not be less than
fail safe...

33.15

Traceability shall be
provided by assigning a
traceability identification
to each RSRM part and
material and providing a
means of correlating each
to its historical records...

3.36.1.1.2.a

The structural SF for the
case-to-insulation bonds
shall be 2.0 minimum
during the life of the
RSRM.

3.3.6.1.2.2

The case insulation shall
have a minimum design
SF of 1.5, assuming
normal motor operation,
and 1.2, assuming loss of a
castable inhibitor.

oocNe. TWR-17547-1

No primary subsystem
failure was noted, thus,
subsystem redundancy and
fail safe requirements
were not determined.

Inspection numbers for
traceability of each RSRM
part and material is
provided, and are
maintained in the
Automatic Data Collection
and Retrieval (ADCAR)
computer system. The
past history of all RSRM
parts used is in

Section 4.2.

Verification of a 2.0 SF
cannot be done by
inspection. Flight
performance verified a SF
of at least 1. Case-to-
insulation bond and
adhesive bond SF of 2.0
are verified by analysis
and documented in
TWR-16961.

Preliminary insulation
thickness measurements
indicate adequate thermal
SFs near the igniter boss.
A final evaluation will be
made after the internal
insulation thicknesses are
measured at the Clearfield
H-7 facility. Results and
verification of SFs are in
Volume III of this report.
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7 W CORPORATION

SPACE OPERATIONS

Verify by inspection the
remaining insulation
thickness of the case
insulation.

Verify by inspection the
remaining insulation
thickness of the case
insulation.

Verify by inspection the
remaining insulation
thickness of the case
insulation.

Verify by inspection the
remaining nozzle ablative
thicknesses.

Verify the nozzle SF.

REVISION

90435-2.18

3.3.6.1.2.3

Case insulation adjacent to
metal part field joints,
case-to-nozzle joints, and
extending over factory
joints shall have a
minimum SF of 2.0.

3.36.1.24

Case insulation

in sandwich construction
regions (aft dome and
center segment aft end)
shall have a minimum SF
of 1.5.

3.3.6.1.2.6 Insulation
performance shall be
calculated using actual
premotor and postmotor
operation insulation
thickness measurements.

3.3.6.1.2.7

The minimum design

SF for the nozzle
assembly primary ablative
materials shall be as listed
below...

(Values not included here,
as detailed results are not
available at this writing.)

3.3.6.1.2.8

The nozzle performance
margins of safety shall be
zero or greater...

Preliminary insulation
thickness measurements
indicate adequate thermal
SFs near the igniter boss.
A final evaluation will be
made after the internal
insulation thicknesses are
measured at the Clearfield
H-7 facility. Results and
verification of SFs are in
Volume III of this report.

Preliminary insulation
thickness measurements
indicate adequate thermal
SFs near the igniter boss.
A final evaluation will be
made after the internal
insulation thicknesses are
measured at the Clearfield
H-7 facility. Results and
verification of SFs are in
Volume III of this report.

Standard measurement
techniques were used for
final evaluation, as
discussed in Volume III of
this report.

Preliminary inspections
indicate nozzle ablative
thicknesses were within
design SF (Section 4.11.4).
Detailed results are in
Volume V of this report.

Verification of SFs cannot
be done by inspection.
Nozzle margins of safety
will be discussed in
Volume V of this report.
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7 W CORPORATION

SPACE OPERATIONS

Inspect metal parts for
presence of stress
corrosion.

3.3.8.2.b

The criteria for material
selection in the design to
prevent stress corrosion
failure of fabricated com-
ponents shall be in accor-

dance with
MSFC-SPEC-522 and

Inspection of metal parts
for the presence of stress
corrosion cannot be done
visually but will be
accomplished during refur-
bishment. Any stress cor-
rosion found will be
reported in Volume II of

SE-019-094-2H. this report.
3.3 RECOMMENDATIONS

The following is a summary of the recommendations made concerning flight set
360L008. Additional background information can be found in the referenced

sections.

3.3.1 Aero/thermal Recommendations

(Additional information in Section 4.8.4)

3.3.1.1 GEI Accuracy. Gage range has been reduced on all joint heater sensors
resulting in better data resolution. It is recommended that the data collection ac-
curacy of all GEI be increased by reducing the gage range and increasing the digital
word length. The real fidelity of the KSC ground support equipmen